Background: Polymethyl Methacrylate (PMMA) permits filler reinforcements which influences the translucency properties to contribute in the aesthetic values of provisional crowns.
Introduction
Prosthodontics is a branch of dentistry, assisted with the growing knowledge and technologies to obtain the requirement of a perfect aesthetics in patients. Dental aesthetics plays a very important role in variable treatments especially in indirect restorations as their demand steadily grows to restore the dentition naturally. Indirect restorations consisting of provisional crowns personally indicate preparations that are worn prior to a permanent restoration placement of ceramic dental implants. The restorations assist during the healing phase where it maintains the soft tissues surrounding and promotes osseointegration process which is very important in implant treatments as successful outcomes are crucial due to the high costs of ceramic dental implants. Globally, more researches were conducted to identify various new materials to fabricate these restorations. 1, 2, 3, 4 Poly (methyl methacrylate) or also known as PMMA is found to be an excellent material for provisional restorations due to its remarkable clarity acting as a transparent resin and with relative ease in manipulation, low cost and low toxicity. Currently, these are the very common materials for provisional crowns. It had opened doors for the use in an extended period specifically in necessary prognosis for example in a two-step surgical approach in dental implants which requires more than six months of temporary restoration and in acquiring the exact diagnostic information prior to a definitive restoration. 5, 6, 7, 8, 9 In 2015, Hameed and Rahman stated that the incorporation of inorganic nanoparticles into PMMA alters the properties of the product depending on the type, sizes and shapes, concentration and interaction within the polymer matrix itself. Attempts were made to increase the mechanical properties, biological properties and most importantly the optical properties through the incorporation by adding filler particles with different elements such as zirconia, silica, alumina, glass fiber, tin and copper to PMMA.
Previously, a research was conducted by Ahmed and Ebrahim in 2014 to evaluate the effect of Zirconium oxide (ZrO2) nanofillers powder with different concentration (1.5%, 3%, 5% and 7%) on the flexural strength, fracture toughness, and hardness of heat-polymerized acrylic resin. They concluded that the addition of zirconium oxide nanofillers to PMMA increased the flexural strength, fracture toughness, and hardness of heat polymerized acrylic resin. According to the results of the present study, the best result was obtained when using the concentration of 7% ZrO2 nanofiller by weight. 11 An alternative way to synthesize the filler particles with a sol gel technique had improved new ideas to assist in relative conditions. 12 Based on the previous study by Rasikh in 2014, he measured the hardness of heat cured PMMA among three groups, a control with no filler and other groups with a ratio of PMMA -filler at 2:1 and 4:1 which was filled by a ceramic filler system ZrO₂-Al₂Oз-SiO₂ synthesized with a higher silica precursor using the sol gel technique, reinforcing the filler system to PMMA with different ratio of filler. Among the groups tested, the result obtain was satisfying as the mechanical properties increases when compared to the control. 13 Provisional restorations have the potential to be used and applied in longer clinical periods, especially in extending the pretreatment phase in increasing the quality of the result rehabilitations through incorporations with PMMA polymers 14 . In presuming a long-term use of provisional crown, translucency comes first to maintain the aesthetical appearances and in material selections.
The purpose of this study is to evaluate on the translucency of Polymethyl Methacrylate (PMMA) reinforced with different concentrations of ZrO₂-Al₂Oз-SiO₂ filler system in comprehend towards crown fabrication, influencing the aesthetic appearances.
Methods
A total of 18 samples were prepared (N=18) from wax pattern in molds made by Teflon® PTFE casting mold with dimensions of 8mm in diameter with a 3mm in thickness. Cuvettes were then removed from boil out and gently. The wax patterns were placed in cuvettes and both top and lower cuvettes were secured with gypsum plaster. Before waxing out, vaseline was lubricated on surfaces of the lower cuvettes to assist in deflasking. Cuvettes were tightened and immersed in boiling water for about 6 minutes to remove the wax, thus making casts for acrylic fabrication pried open. Total removal of wax was make sure of by pouring excess boiling water (excess wax and gypsum plaster scrubbed away with an old toothbrush) and rinsed away with clear water. As clean cuvettes were obtained, a separating medium of a cold mould seal (CMS) was applied on the surface cast mold. At the same time, Stellon C heat cure acrylic resin ZrO₂-Al₂Oз-SiO₂ filler system powder and the universal denture liquid is weighted accurately and accordingly to the amount calculated for each group.
The Stellon C heat cure acrylic resin is manipulated by ratios PMMA to filler 4:1 by weight, another 2:1 PMMAfiller and monomer ratio by weight. PMMA and monomer were mixed in a stellon pot, a special mixing jar. As it reaches the stringy stage, fillers were added in and mixed. Finally, during the dough stage, next flasking was done by placing the mix in the cuvette. The mix was then covered with a wetted plastic sheet (prevent sticking and securing the mix in place), thus pressure was applied with a flask press. Excess mix was removed with lecron and again it is covered with the plastic sheet for further pressing. After the third press, the plastic sheet was removed and the bolts were tightened on the cuvette.
Each step was repeated to create 18 individual samples accordingly in 6 separate cuvettes (each containing 3 samples) and then, curing's were made even. The samples were placed in a pot zalps (small containers with lids) while being immersed in an aqua bides solution for merely 24 hours and incubated with a temperature of 37 °C. Thicknesses of each disc samples were measured using a metal ruler at five different sites of the four corners at the center.
Thickness criteria for each sample were standardized at 8mm in diameter and 3mm thickness. Specimens were then brought to be polished on wet 400 and 600 grit silicon carbide grinding paper (TORA), next by using a dental polishing cloth wheel with polishing chalks at 200 rpm for 5 Minutes using light hand pressure and lastly, rubbing dry gypsum plaster (plaster of paris) for a final smooth. After polishing, samples were re-measured to achieve the uniform thickness of 8mm in diameter and 3mm thickness. Finally, 18 samples were prepared to measure the respective translucency of each. Each sample was stored in polybags with a dry environment to be preserved.
The translucency of each sample was measured using a UV-VIS Spectrophotometer with an integrated sphere. The average daylight marks the use of a D65 standard illuminant.
To measure the diffuse reflectance, each sample was placed in the transmission port (entry port) of the spectrophotometer and a white reference material was placed in the reflectance port. Diffuse reflectance of light at wavelength from 380nm to 700nm was recorded. Diffuse reflectance was measured using a light trap of reflectance port. 
Results
Data's were obtained from the UV-VIS Spectrophotometer (Thermo Scientific™ Evolution UVVis system). This experiment focuses in evaluating the translucency of the six different groups, where PMMA is reinforced to ZrO₂-Al₂O₃-SiO₂ filler system with ratios PMMA to filler at 4:1 and PMMA-filler to monomer at 2:1. Group A was taken as a controlled group without the reinforcements of filler system, Group B, C, D, E, and F are PMMA with 7%, 9%, 11%, 13% and 15% reinforcements. The end results obtained are presented in Table 1 . Based on the result, the highest reading of the average total of translucence was group C with a 9% concentration at 0.44946λ whereas the lowest reading is shown on group F with a 15% concentration at 0.42803λ compared to the other groups A, B, D and E. In this study, PMMA is used as the polymer matrix to fabricate samples. The heat cured acrylic resin (De Trey® Stellon C) comes in a clear shade that is transparent, which is then mixed with the monomer and undergoes heat polymerization. Generally, PMMA alone is transparent, has good biocompatibility and low toxicity. Despite of its ease in manipulation and low cost, they are prone to several unavoidable disadvantages such as they tend to stain in a short period due to the forming of porosities resulted from high polymerization shrinkage. Therefore, to overcome this poor upbringing of PMMA, they are being reinforced with the ZrO₂-Al₂O₃-SiO₂ filler system to improve their properties aesthetically. 6, 15, 16 It is anticipated that the clear shade from the acrylic resin reinforced with the filler system in different concentration added by silica would increase the translucency of the sample. Figure 3 shows that the different concentration of the filler system exhibits an erratic influence of translucency. Before, the incorporation of different inorganic elements of ZrO₂, Al ₂O₃ and SiO₂ with precursors of 20%-10%-70% into a system is found to be reassuring. Zirconia and alumina are presented with outstanding mechanical properties while silica is favored to influence the trend of translucency. Zirconia has a high flexural strength and fracture toughness while alumina possesses a higher strength to withstand crack propagation and known for the highest hardness among any oxides. Both elements exhibit a high crystalline structure revealing a higher value of opacity than silica. Silica on the other hand is an element with a great biocompatibility, and an excellent optical property including translucency. 6, 17, 18 It was predicted that with the reinforcements of silica aside to zirconia and alumina would increase the translucency of the samples. However, the attempt to increase the concentration of the ZrO₂ -Al₂O₃-SiO₂ filler system had lead through a series of unfavorable events whereas the increasing amount of concentration had instantly lead not only to the elevated amount of SiO₂, but also to both ZrO₂ and Al₂O₃. This increases the opacity that overpowered the translucency of Silica.The effect of higher concentration used by the filler on the reducing translucency of the samples can be explained on the basis that the filler system was analyzed beforehand by the Energy Dispersive X-ray Spectroscopy or EDS, however only through a respected angle. According to Asopa in 2015, the increase in filler fraction does not necessarily lead to an increase of the property because excessive filler fraction creates more defects; hence the material weakens. 16 The coupling agent used was Chitosan, added to the filler system at a constant concentration of 1% as an active cluster that bonds the filler and PMMA within the matrix. Among the filler systems that were reinforced, silica has the nature of being ionic and readily absorbs water that forms a well-bonded surface layer that is very impossible to avoid. When the coupling agent is insufficient, it does not have the tendency to bond with the silica element let alone displacing the absorbed water, this cause the whole surface to not be wetted thoroughly. When water sorption occurs, this would have caused impacts of porosity obtained by the samples and would have exhibited a mechanically unhomogenized environment within the matrix due to the insufficient amount of coupling agent to wet the surface. 19, 20 The higher level of porosity disrupted the UV beam of the diffuse reflectance spectra, presenting lower readings which at the end caused a decrease in translucency.
Having considered the characters of the elements within the filler system, the fabrication process also affects the result. During the mixing phase, the samples were manually manipulated where it differs from the previous experiment which uses an automated homogenizer. The samples were manually mixed by hand to obtain a different result in another point of view. At the end, the manual manipulation is found to be in dynamic, influencing the mixing rate of the samples which may cause an agglomeration of the particles, enabling it to disperse evenly within the matrix where at the end, generates an unhomogenized distribution of the particles. Shirkavand in 2014 stated that it is crucial to prevent agglomeration of the particles used within the matrix because it allocates a stress point on a particular spot causing micro-cracks and micropores. 6, 21 The agglomerated particles have disrupted the diffuse reflectance of the UV beam, causing low readings which had led to the decrease of translucency On the contrary, the curing phase should also be taken into account where the samples undergo heat polymerization as they were being immersed under a boiling water bath where an adequate polymerization is very crucial. The immersion in the boiling water bath creates a water pool among the polymers and the particles of the filler system, causing water sorption to take place through a diffusion of water molecules into the interstitial spaces between the polymer chains. Water sorption is caused by weak secondary bonds in polymer materials which allow water molecules to penetrate in between the polymer chains. This results in a slight expansion that causes a built-up of microspores within the samples due to the entanglement of the polymer chains which then, contributed to the descending trend of translucency due to the increasing opacity presented by the micropores. 16, 20, 22 Overall, the diffuse reflectance spectra readings display the amount of UV beam reflected by the UV-VIS Spectrophotometer. The higher reading exhibits a higher reflectance of UV beam which in turn presents an increase of the average total of translucence whereas the lower readings exhibits a lower reflectance, causing a decrease in the average total of translucence. Based on the research, it was concluded that the different concentration of the filler system exhibits an erratic influence of translucency due to the presented factors of the undermined outcome of ZrO₂-Al₂O₃-SiO₂ filler system in higher concentrations and the importance to carefully pay attention to each of the procedures respectively and to govern the fraction of the filler appropriately.
Conclusions
With the limitation of this study, it can be concluded that the different concentration of ZrO₂-Al₂O₃-SiO₂ filler system exhibits an erratic influence of translucency. It is important for operators to understand the properties of a given material before handling to obtain functional aesthetics. Therefore, future advancement on optical properties of PMMA reinforcements with other organic fillers is well encouraged.
